We present the first catalogue of point-source UV-excess sources selected from the UVEX survey. UVEX images the Northern Galactic Plane in the U, g, r and He i λ5875 bands in the Galactic latitude range -5
INTRODUCTION
The UV-excess survey of the Northern Galactic Plane (UVEX )
1 images a strip of 10×185 degrees (-5 • < b <+5
• ) along the Northern Galactic plane in the U, g, r and He i λ5875 bands down to ∼ 21 st − 22 nd magnitude using the Wide Field Camera mounted on the Isaac Newton Telescope, on the island of La Palma. The spatial pixel scale is 0.33 arcsec/pixel with a field of view of 0.29 square degree per pointing. The exposure times are 30 seconds for the r-and g-band images, 120 seconds for the U -band images and 180 seconds for the He i λ5875-band images. A full description of the survey is given in Groot et al. (2009;  ⋆ E-mail:k.verbeek@astro.ru.nl 1 http://www.uvexsurvey.org hereafter G09).
One of the main aims of the UVEX survey is to obtain a substantial and homogeneous sample of stellar remnants and compact binaries with well-understood selection biases. A large and homogeneous sample is needed to answer questions in the fields of binary stellar evolution (e.g. on the physics of the common-envelope phase), the earliest star formation history of our Milky Way, the influence of chemical composition on accretion disk physics, and the gravitational radiation foreground from compact binaries in our Galaxy for missions such as the Laser Interferometer Space Antenna (LISA, Nelemans et al., 2004) . Stellar remnant populations to be extracted from UVEX include single and binary white dwarfs, subdwarf B stars, Cataclysmic Variables, AM Canum Venaticorum (AM CVn) stars and . Data shown are all stellar and probably stellar detections in the r-and g-bands with a photometric error smaller than 0.1 magnitudes in these bands. The solid lines show our automated selection technique and the outline of the (g − r) colour at which the g-band magnitude peaks (right, thick line), and the 3σ limit for each g-band magnitude bin (left thin line), called the 'blue edge'. All sources more than 3 times their own photometric error to the left of this blue edge are selected (here plotted with their own photometric errors). The error bars on the right side show the average photometric error in (g − r) per bin.
neutron star and black hole binaries. Our understanding of these populations is often limited due to the small number of known systems and/or strong selection biases in known samples (see e.g. Pretorius, Knigge & Kolb, 2007) .
Traditionally blue/UV surveys, targeting quasars and AGN, specifically concentrate on higher Galactic latitudes to avoid the problems of crowding and dust extinction. The post-common-envelope objects mentioned above are generally hot but intrinsically faint so their absolute visual magnitudes are several magnitudes lower than main-sequence stars with similar colours. In the plane of the Milky Way an intrinsically blue, low-luminosity population of objects is visible in the g vs. (U − g) and g vs. (g − r) colour-magnitude diagrams as UV-excess sources against a background of higher luminosity, more distant and therefore more highly reddened, objects. Examples of colour-magnitude diagrams and colour-colour diagrams showing this effect are shown in G09 (Figs. 13 and 14) and Figs. 1 and 2 above.
It is our aim to distinguish UV-excess sources from the normal main-sequence stars in a user-independent way and we have therefore developed an automated selection technique to construct our catalogue, presented in Sect.
2. In Sect. 3 we apply this selection technique to the UVEX data of 211 square degrees and analyse the spatial, magnitude and colour distributions of the UV-excess sources selected from this area. In Sect. 4 we classify the UV-excess sources making use of the IPHAS database, cross-matches to Simbad and synthetic colours of stellar populations as presented in G09 and Drew et al. (2005) . Finally in Sect. 5 we summarize the results and conclusions of our selection algorithm and catalogue of UV-excess candidates.
SELECTION OF UV-EXCESS SOURCES
The selection algorithm is based on a field-to-field comparison of the colour of UV-excess objects to the bulk of the main-sequence stars. Due to variable reddening the actual selection limits in (U −g) and (g −r) colours will not be constant with Galactic position, see Sect. 5. The amount of reddening due to dust extinction can vary strongly with Galactic latitude and longitude (see e.g. Schlegel et al., 1998) . The selection of UV-excess sources is a multi-stage process which will be described here. The solid lines show our automated selection technique and the outline of the (U − g) colour at which the g-band magnitude peaks (right, thick line), and the 3σ limit for each g-band magnitude bin (left thin line), called the 'blue edge'. All sources more than 3 times their own photometric error to the left of this blue edge are selected. Not all sources plotted with their own photometric errors here were selected in this colour-magnitude diagram: the two blue sources fainter than g=21 are are less than 3 times their own photometric error to the left of the blue edge. The error bars on the right side show the average photometric error in (U − g) per bin.
• For each UVEX pointing we construct a g vs. (g − r) and g vs. (U − g) colour-magnitude diagram (Figs. 1 and 2) and a (U − g) vs. (g − r) colour-colour diagram (Fig. 3 ) using all stellar and probably stellar objects with a photometric error <0.1 magnitudes (see González-Solares et al., 2008 for the classification of sources within the IPHAS and UVEX surveys). Each object has to be detected twice per filter band: in a direct field and in an offset field (not necessarily the offset field belonging to the direct field).
• In the g vs. (g − r) and g vs. (U − g) colour-magnitude diagrams the main locus of objects, containing mainly reddened main-sequence stars and giants, and the selection boundary at the blue side of the main locus are determined in the following steps: a) All objects detected in the r-and g-band images are divided in g-band magnitude bins. The width of the g-magnitude bins and the number of bins depend on the surface density of objects in the field. The total number of bins for a field is N bins = 1 3 √ Ns, with Ns the total number of selected objects in the field. The width (∆g) of a given bin is determined by sorting of the objects in such a way that for all bins the product (∆g × ns) is approximately constant, with ns the number of objects in the given bin. The differences in this product between the different bins is minimized in an iterative process where two sources are added from neighbouring bins to the bin in which the product (∆g × ns) is the smallest, and one source is taken from the bin where this product is the largest by shifting the boundary between two bins. This is repeated until the differences in the product (∆g × ns) is minimized. This procedure is a compromise between using small bins that allow for a precise following of the main locus and using many objects per bin which suppresses statistical noise. b) The colour (in (g −r) or (U −g)) at which the distribution of objects peaks for each g-magnitude bin is calculated. This peak is found in an iterative process. Per g-magnitude bin a sliding window over the colour distribution is used to determine the smallest window in colour that contains 50% of the sources. The sample of sources within this window is again searched for the smallest sub-window that contain 50% of the sources (i.e. 25% of the original total ns). This process is repeated until only two sources are left in the final sub-window. The average colour value of the last two sources is the peak of the distribution in the particular g-magnitude bin. The colours where the bins peak are then smoothed by averaging over the bin itself and two adjacent magnitude bins, where the bin in the middle is given a double weight. This procedure gives the thick, 'ragged' lines in Figs. 1 and 2 . c) In each g-magnitude bin the root-mean-square deviation for the objects that lie to the blue of the peak is calculated using a double pass 3-sigma-clipping. For each bin a Gaussian distribution in (g − r) or (U − g) is assumed centred on the peak value found in step (b). The red side of the distribution is not taken into account since the distribution here is intrinsically wider and does not show a clear cut off, as can be seen in Fig. 1 . The blue edge of the main locus is now placed at three times the root-mean-square deviation to the blue of the peak value. This determines the final selection boundary or 'blue edge'. This is the left, 'ragged' line in Figs. 1 and 2.
• In the g vs. (U − g) and/or g vs. (g − r) colourmagnitude diagrams, sources located more than three times their own photometric error to the left of the blue edge are selected.
• An additional selection is made in the (U − g) vs.
(g − r) colour-colour diagram. The average position of the bulk of all objects is found by least-square fitting a straight line to the distribution of all selected sources. This line is broadened to a rectangular box containing the bulk of the objects (see Fig. 3 ). The fitting of this line and the broadening of this line to a selection box is done in a number of steps: a) The average (g − r) and (U − g) colours of all selected objects are calculated. The 25% of sources that lie furthest away in both colours from this average (g − r),(U − g) position is temporarily discarded from the colour-colour diagram. b) A straight line of form (U − g)=m(g − r)+c, where m and c are constants to be determined, is fitted via least- No of sources (g-r) from blue edge Figure 5 . The distribution of distances in (g − r) magnitudes from the blue edge for objects selected from the 211 square degrees shows two populations: a UV-excess sample (blue) and a 'subdwarf' sample (red) separated at a distance of 0.4 magnitudes from the blue edge. The tails of these two populations partly overlap since the UV-excess sources at a distance less than 0.4 (g − r) magnitudes from the blue edge are at a distance more than 0.4 (U − g) magnitudes from the blue edge in the g vs. (U − g) colourmagnitude diagram.
squares to the remaining 75% of data points. Photometric error bars on the data points are not considered at this stage to prevent the bright stars on the blue side of the main-sequence dominating the entire fit. c) The standard deviation (σ), perpendicular to the straight line fitted to the main stellar locus, is calculated. Each data points has a shortest distance ((∆(g − r)) 2 + (∆(U − g)) 2 ) to the fit line, where ∆(g − r) and ∆(U − g) are the differences in (g − r) and (U − g) colours between the fit line and the data point. We calculate σ as the average of the squared differences between the fit line and all data points. Here the 25% discarded in the previous step is included again. This standard deviation is used for a sigma cut at 2σ (a cut at 3σ would discard too many main-sequence sources). After this sigma cut most main-sequence stars and UV-excess sources are still included in the sample, but most objects both blue in (U − g) and red in (g − r) are excluded. d) A new straight line is fitted using the standard leastsquare method to the remaining data after the 2σ cut of step (c). This gives the central straight line in the (U − g) vs. (g − r) colour-colour diagram of Fig. 3 . For the spread around this new line a new standard deviation (σ f inal ) is calculated. σ f inal is the average of the squared distances between the data points and the new fit line. e) The new standard deviation (σ f inal ) is used to broaden the fitted line to a 3σ f inal box. This gives the upper right and lower left long sides of the rectangular box in Fig. 3 . f ) Each data points has a projection on the fit straight line, running from the zeropoint of step (a). These projected colours parallel to the fit line of Fig. 3 are shown in the histogram of Fig. 4 . They are used to determine the location of the short upper and lower sides of the rectangular box in Fig. 3 . Because of the typically high reddening of early-type main-sequence stars there usually exists a clear gap between the UV-excess sources and the main-sequence in the (U − g) vs. (g − r) colour-colour diagram, see Fig. 3 . This division is detected as the last gap in the first 10% of the data (see inset graph of Fig. 4 ) that is larger than a threshold value T =d2ln(N ), with N the total number of data points in the field andd the average interval in projected colours between the data points. This works sinced ∝ 1 N and the threshold value T ∝ ln(N) N , so T becomes smaller for fields with more stars. The factor 2 was derived by optimizing the detection of the last gap and is a compromise between selecting as many UV-excess sources as possible and selecting no main-sequence stars. In finding this gap all data points more than 3σ away from the fit line of step (d) were ignored. For field UVEX 6162 the last gap without sources larger than T is shown in Fig. 4 and is located at -1.75 to -2.35. In field UVEX 6162 there are 6 UV-excess sources to the blue of the last gap. Dense fields usually have less reddening than sparse fields and there are simply more stars, causing both the intervals between successive main-sequence stars and the gap between the main-sequence and the UV-excess sources to shrink. Because the number of intervals between main-sequence stars increases for dense fields the chance of finding a very long interval caused by statistical noise decreases and therefore the logarithmic term was added. The resulting selection box around the main-sequence, starting at the end of the gap and with a half-width of 3σ, can be seen in Fig. 3 . The lower boundary of the box is the reddest main locus object in the field. The location of the mean stellar locus and the resulting selection box are completely determined by the data. No theoretical requirements are desired due to the absence of a global calibration at this moment, analogous to the selection method in Withham et al. (2008) . g) Fig. 3 shows the fit to the main locus and the 3σ wide broadened rectangular box containing the bulk of the objects of field UVEX 6162. All sources more than 3 times their own photometric error to the blue outside the selection box are selected. Additionally, sources both blue in (U − g) and red in (g − r) that are on the right side above the rectangular selection box are labelled as 'purple' candidates, see Sect. 3.
• In the g vs. (g − r) colour-magnitude diagram we put in the additional limit that any UV-excess source should be bluer than (g − r)=1.25, since all fields will contain a number of unreddened M-dwarfs and the latest M-dwarfs have (g − r)∼1.25 (see G09). We found that for some highly obscured fields these unreddened M-dwarfs are actually the bluest stars in the field of view, see for example field UVEX 6167 in Fig. 14 of G09. Any object that meets the criteria listed above is selected.
• Selected blue objects are further separated on the basis of their distance in colour from the blue edge in the colour-magnitude diagrams. Fig. 5 shows the distribution of distances in (g − r) magnitudes from the blue edge of the sources selected on the left side of the blue edge. These sources were selected from the first 211 square degrees of UVEX data, see Sect. 3. The distribution in Fig. 5 shows two populations that overlap at 0.4 magnitudes away from the blue edge. Despite the overlap we label the objects that are more than 0.4 magnitudes away from the blue edge of the main-sequence in g vs. (U − g), g vs. (g − r) or in both colour-magnitude diagrams as 'UV-excess' candidates, and we label sources less than 0.4 magnitudes away from the blue edge as 'subdwarf' candidates. In Fig. 5 the two populations do overlap, because the UV-excess candidates closer than 0.4 magnitudes from the blue edge are selected in the g vs. (U − g) colour-magnitude diagram. Objects that were selected in the blue corner of the (U − g) vs.
(g − r) colour-colour diagram are labelled as 'UV-excess' candidates when they are more than 0.4 magnitudes away from the blue edge in both or one of the colour-magnitude diagrams. Objects that were only selected in the blue corner of the (U − g) vs. (g − r) colour-colour diagram and less than 0.4 magnitudes away from the blue edge in the colour-magnitude diagrams are labelled as 'subdwarf' candidates. This is to avoid that scattered main-sequence sources that are just outside the selection box are added to the UV-excess catalogue (see Sect. 5). The subdwarf population, closest to the main-sequence, can be reddened main-sequence stars if the spatial scale of the reddening strongly varies within the field of view of one pointing. Another likely explanation is that these objects are a population of unreddened metal-poor stars, which can have absolute magnitudes fainter by up to two magnitudes compared with main-sequence stars of the same colour (e.g. Johnson, 1955) . Their smaller distances, up to a factor 2.5 closer compared to normal main-sequence stars of the same colour, will subject them to a smaller reddening. They will therefore stand out in the (g) vs. (g − r) colour-magnitude diagram. We therefore tentatively label this population as 'subdwarfs'.
APPLYING THE SELECTION METHOD: A FIRST SAMPLE OF UV-EXCESS SOURCES
The selection algorithm described in Sect. 2 and displayed in Figs Here 'good' data are defined as a g-band seeing <1. ′′ 7 and an r-band background count rate smaller than 2000 ADU (a high background count rate indicates observations close to the Moon or clouds). Thirty-three fields with large photometric shifts in (g − r), (U − g) or (HeI − r) were excluded. This results in a total of 726 direct fields (i.e. 211 square degrees). In the g-and r-bands only 'stellar' and 'probably stellar' sources are allowed. In the U -and He i λ5875 bands we also allow sources with morphology class 0 ('noise-like'), since the longer integration times for U and He i λ5875 sometimes caused trailing.
The number of all selected stellar sources in the g-and r-bands from these 211 square degrees is 7 × 10 6 (on average 3.3 × 10 4 per square degree). The number of objects that have a U -band detection is 1.5 × 10 6 (22%), the number of objects with a He i λ5875 band detection is 3 × 10 6 (41%) and the number of objects with both a U -and He i λ5875 band detection is 9 × 10 5 (13%). There are 6.3 × 10 5 sources that have a U -band detection but no He i λ5875 detection. These sources are clearly visible in the He i λ5875 images but have morphology class 0 ('noise-like'), which we allowed in the U -and He i λ5875 bands. As a final check the UVEX finder charts of sources that pass the selection algorithm were eye-balled. Blended objects, sources with noise, double sources and sources close to a bright star are removed. The eye-balling was done in a conservative way: sources with a small artefact which still might be okay were also removed. Only 3% of the UV-excess candidates was removed in the eye-balling. Five percent of the sources was removed because of duplicate entries in the catalogue due to field overlap. This is consistent with the overlap between direct fields and overlap fields (González-Solares et al., 2008) . The total number of unique sources that pass the UV-excess selection is 2 170 UV-excess sources and 9 872 additional 'subdwarfs'. The numbers in this paragraph are summarized in Table 1 .
All UV-excess candidates and 'subdwarf' sources are plotted in the colour-colour and colour-magnitude diagrams of Figs. 6 and 7. A global photometric calibration is not applied to the UVEX data yet, so the magnitudes and colours of the UV-excess sources plotted in Figs. 6 and 7 might show a small scatter. The synthetic colours in the colour-colour diagrams are different from the simulated colours in G09 since they include the effect of the U -band filter red leak (see Appendix B). In the colour-magnitude diagrams and in the (U − g) vs. (g − r) colour-colour diagram it can be seen that the UV-excess candidates and the subdwarf sample separate.
Of the objects in the UV-excess catalogue 98% is selected in g vs. (g − r), 66% is selected in g vs. (U − g), 82% is selected in g vs. (g − r) more than 0.4 magnitude from the blue edge, 63% is selected in g vs. (U − g) more than 0.4 magnitude from the blue edge, 44% is selected in both colour-magnitude diagrams more than 0.4 magnitude from the blue edge, and 63% is selected in the (U − g) vs.
(g − r) colour-colour diagram. Of the UV-excess candidates 34% is selected 0.4 magnitude from the blue edge in g vs. (g −r) but completely not in g vs. (U −g) and 2% is selected 0.4 magnitude from the blue edge in g vs. (U − g) but completely not in g vs. (g − r). Without the U -band filter 16% of the sources would not be selected in the UV-excess catalogue.
The number of UV-excess objects that have a 'stellar' or 'probably stellar' U -band detection is 1546 (71.2%), the number of objects with a 'stellar' or 'probably stellar' He i λ5875 band detection is 667 (30.7%) and the number of objects with both a 'stellar' or 'probably stellar' U -band and He i λ5875 band detection is 513 (23.6%).
Surprisingly we also find a third fairly large population of objects that are blue in (U − g) as well as red in (g − r). All these sources are selected in the upper right half of the (U − g) vs. (g − r) colour-colour diagram (see Fig. 3 subdwarfs UV-excess Figure 6 . UVEX colour-colour diagrams with all UV-excess candidates (blue) and 'subdwarfs' (red) selected from the first 211 square degrees of UVEX data. Overplotted are the new simulated unreddened main-sequence (solid black) and the O5V-and supergiant reddening lines (dashed black). These new synthetic colours are different from the colours in G09 since they include the effect of the U -band filter red leak (see Appendix B). The cyan and green dashed lines are the simulated unreddened Koester DA and DB white dwarf tracks. Since a global photometric calibration was not applied yet the colours plotted here might be scattered a bit. Spectroscopic follow-up of the sources around (HeI − r) < −0.2 in the plot above which lay more than 3σ their photometric error above the synthetic DA white dwarf track shows that these objects are mainly scattered white dwarfs (Verbeek et al., 2011b, in prep) . subdwarfs UV-excess Figure 7 . UVEX colour-magnitude diagrams with all UV-excess candidates (blue) and 'subdwarfs' (red) selected from the first 211 square degrees of UVEX data. Since a global photometric calibration was not applied yet the colours plotted here might be scattered a bit.
the purple sample 100% is selected in the (U − g) vs. (g − r) colour-colour diagram, 6% is also selected in g vs. (U − g) more than 0.4 magnitude from the blue edge and 0% is also selected in g vs. (g − r) more than 0.4 magnitude from the blue edge. These sources more than 0.4 magnitude from the blue edge are not in the UV-excess catalogue. Of the purple sources 87% is selected only in the (U − g) vs. (g − r) colour-colour diagram but not at all in a colour-magnitude diagram.
The properties of the selected UV-excess catalogue
The complete UV-excess catalogue and the two additional 'subdwarf' and 'purple' samples can be obtained from in the g and r-band 7 × 10 6 100 in the U -band 1.5 × 10 6 22 in the HeI-band 3 × 10 6 41 in the U and HeI-band 9 × 10 5 13 after UV-excess selection 2 170 0.03 the UVEX website 2 or via VizieR 3 . The columns of the catalogue and the different selection labels are explained in Both the stellar sources and UV-excess candidates selected from the 211 square degrees of UVEX data are nonuniformly distributed over Galactic latitude and longitude. Fig. 8 shows the distributions of all stellar objects and UVexcess objects over Galactic latitude. The surface density of all stellar sources in the r-and g-bands shows a minimum centred on the Galactic equator. The distribution of the UVexcess sources is not directly straightforward and depends on Galactic latitude.
SOURCE CLASSIFICATION AND CROSS-MATCHES WITH OTHER CATALOGUES
In Sect. 3 we have selected the UV-excess catalogue and two additional samples: a 'subdwarf' sample and a 'purple' sample. Despite these names each class is expected to consist of a mix of populations. For instance the UV-excess sample will contain white dwarfs, Cataclysmic Variables, AM CVn stars and central stars of planetary nebulae. We have therefore cross-correlated our samples with known source catalogues, the results of which are shown in Figs. 9
to 12 and summarized in Table 2 . Spectroscopic follow-up has also been obtained and will be presented in Verbeek et al., 2011b (in prep.) .
Matches with the Simbad database
There are 24 matches (only ∼ 1% of all UV-excess sources) between the UV-excess catalogue and known sources in Simbad, using a matching radius of 10 arcsec. These matches are plotted with their UVEX colours and Simbad classifications in the (U − g) vs. (g − r) and (HeI − r) vs.
(g − r) colour-colour and g vs. (g − r) colour-magnitude diagrams of Fig. 9 . The UV-excess candidates that are found in Simbad include 2 planetary nebulae, 3 Cataclysmic Variables, 1 DA white dwarf, 2 high proper motion sources, 2 X-ray sources, 1 emission line star, 10 UV sources, 1 IR source and 2 seemingly normal stars.
Additionally there are 26 known objects from the subdwarf sample in Simbad: 1 planetary nebula, 1 X-ray source, 1 UV source, 1 Mira star, 1 Carbon star, 2 IR sources, 1 radio source, 3 galaxies, 2 variable stars and 13 seemingly normal stars. There are 87 objects from the purple sample in Simbad: 2 X-ray sources, 4 T Tauri stars, 6 Mira stars, 5 Carbon stars, 12 emission line stars, 44 IR sources, 1 radio source, 2 galaxies, 3 variable stars and 8 seemingly normal stars. The fact that three planetary nebulae are found in Simbad shows that in the UVEX data the central star is visible.
IPHAS : The Deacon, Corradi, Viironen and Witham catalogues
The INT/WFC Photometric Hα Survey of the Northern Galactic Plane (IPHAS ) (Drew et al., 2005) images the same survey area as UVEX with the same telescope and camera set-up using the r, i and Hα filters. The astrometric precision of IPHAS is better than 0.1 arcsec (González-Solares et al., 2008) and on the same frame as UVEX . The IPHAS initial data release (IDR) covers approximately 89 percent of the total survey area. The result of the cross-matching with a match radius of 1.0 arcsec between our UV-excess catalogue and the IPHAS IDR is displayed in the (r − Hα) vs. (r − i) colour-colour diagram of Fig.  10 . Although the match radius of 1.0 arsec is much larger than the astrometric precision of both surveys, it makes sure that all matches are found while it is still too small for mismatches (see González-Solares et al., 2008, Fig. 6 ). Close neighbours and ambiguities in the UV-excess catalogue were already removed in the eye-balling process.
There is a match in the IPHAS IDR for 1203 objects of the UV-excess catalogue. The majority of the UV-excess candidates with an IPHAS IDR match overlap with the position of the simulated unreddened DA white dwarf tracks in the (r − Hα) vs. (r − i) colour-colour diagram of Fig. 10 . Here a part of the UV-excess candidates is reddened and scattered. These objects might also be QSOs and Cataclysmic Variables. From IPHAS several catalogues were selected for highproper motion objects, Hα emission line stars, Symbiotic stars and planetary nebulae candidates. The result of the cross-match between these catalogues and the UV-excess catalogue is shown in the next subsections.
High-proper motion systems: IPHAS-POSS1 proper motion stars
The IPHAS-POSS1 Proper Motion catalogue (Deacon et al., 2009 ) is constructed from POSS-I Schmidt plate data taken in the 1950s and 1400 square degrees of IPHAS Galactic Plane Survey data as a second epoch. This proper motion catalogue has roughly a fifty years baseline and contains populations such as main-sequence stars, white dwarfs, subdwarfs and Cataclysmic Variables. The catalogue contains ∼ 10 5 objects with proper motions smaller than 150 millarcseconds per year in the magnitude range 13.5 < r < 19. In the IPHAS-POSS1 Proper Motion catalogue there is a match for 26 UV-excess candidates. We used a matching radius of 1.0 arcsec because of the IPHAS -UVEX r-band baseline of a few years, but all matches were within a radius of 0.4 arcsec. The UV-excess candidates that are in the IPHAS-POSS1 catalogue have proper motions between 15 mas/yr and 150 mas/yr. The matches are overplotted in the reduced proper motion (Hr) diagram and IPHAS colourcolour diagram of Fig. 11 together with all the objects in the Deacon IPHAS-POSS1 catalogue. Here reduced proper motion is defined as Hr = r + 5log(µ) + 5, where r is the r-band magnitude and µ is the proper motion in arcseconds per year (see Deacon et al., 2009) . The majority of the proper motion UV-excess sources overlaps the white dwarf population around (r − i) ∼ 0. In the (r − Hα) vs. (r − i) colourcolour diagram the UV-excess sources mainly overlap with the simulated unreddened white dwarfs track. Also in the UVEX colour-colour diagrams of Fig. 12 the matches with the IPHAS-POSS1 catalogue overlap with simulated white dwarfs tracks. Additionally there is a match for 9 objects from the subdwarf sample and 2 objects from the purple sample.
Hα-emission line systems: Witham IPHAS Hα emission-line objects
The Witham catalogue of Hα emission-line objects (Witham et al., 2008) is extracted from ∼80 percent of the IPHAS Galactic Plane Survey area data. This catalogue, selected from the (r − Hα) vs. (r − i) colour-colour diagram, contains 4853 point sources clearly showing Hα-excess. Spectroscopic follow-up of ∼300 candidates shows that more than 95 percent are indeed true Hα emitters such as early-type emission-line stars, active late-type stars, interacting binaries, young stellar objects and compact nebulae (see Wesson et al., 2008 , Viironen et al., 2009 . When the UV-excess catalogue is cross-matched with the Witham catalogue there is a match within a radius of 1.0 arcsec for 15 UV-excess candidates and additionally there is a match for 15 objects in the subdwarf sample and 37 objects in the purple sample. These matches are plotted in Figs. 11 and 12.
Symbiotic stars: Corradi IPHAS symbiotic catalogue
Symbiotic stars (see e.g. Corradi et al., 2008 and 2010) are interacting binaries composed of a hot white dwarf, accreting from a cool giant companion through a wind or through Roche lobe overflow. Two types "Stellar" (S) and "Dusty" (D) exist with orbital periods between 1-16 years, and more than 20 years, respectively. The number of known systems in our Galaxy, where 80 percent is S-type, is roughly 200 including 26 suspected candidates, but the size of the total symbiotic population in the Milky Way is still poorly known (Belczyński et al., 2000) . The IPHAS symbiotic catalogue was extracted from IPHAS Galactic Plane Survey data. Cross correlating the IPHAS symbiotic catalogue with the UV-excess catalogue results in a match for 2 sources within a radius of 1.0 arcsec. Additionally there is a match for 23 purple sources. These matches are also in the Witham Hα emission line star catalogue. This large fraction of purple matches is due to the position of the symbiotic stars in the UVEX colourcolour diagrams, see Fig. 12 . In the (HeI − r) vs. (g − r) colour-colour diagram the symbiotic candidate matches are to the right of the characteristic "hook" of the simulated unreddened main-sequence colours. Note that a fairly large fraction of the sources in the IPHAS symbiotic catalogue are likely to be young stellar objects. For most of the symbiotic candidate matches the available spectroscopic data were checked. The majority of the UVEX symbiotic candidate matches turn out to be classical T Tauri stars (Verbeek et al., 2011b, in prep.) while none of them is a known symbiotic star, and they are found in regions of the sky close to other Hα emitters. When the UVEX colours of these matches are compared with simulated symbiotic colours the colours of the symbiotic candidate matches are too blue. Therefore, these matches are not good symbiotic star candidates as symbiotic stars in the Galactic Plane are generally redder.
Planetary Nebulae: Viironen IPHAS Planetary Nebulae
Approximately 2700 planetary nebulae, the evolutionary product of 0.8-8M⊙ main-sequence stars before they become a white dwarf, have been found in the Milky Way so far while population syntheses predicts a larger population (4.6 ± 1.3 Galactic PN with radii < 0.9 pc, Moe et al., 2006) . Extinction makes it difficult to observe planetary nebulae in the direction of the Galactic Plane. The Viironen planetary nebula catalogue (Viironen et al., 2009) None of the matches is a known planetary nebula, and due to the blue UVEX colour of these matches they are not good planetary nebulae candidates. 
The Two-Micron All-Sky Survey
The selected UV-excess sample is cross-matched with the Two-Micron All-Sky Survey (2MASS) data (Cutri et al., 2003) . Of the UV-excess candidates 171 objects can be found in 2MASS within a radius of 1.0 arcsec. Additionally there is a match in 2MASS for 3605 subdwarfs and 732 purple sources. This shows the good match of UVEX with 2MASS, in particular for the redder sources. The crossmatch between the UV-excess catalogue, subdwarf and puple samples and 2MASS will be further discussed in Verbeek et al., 2011c (in prep.) .
The UKIRT InfraRed Deep Sky Surveys
Finally the UV-excess catalogue is cross-matched with the the UKIDSS (UKIRT InfraRed Deep Sky Surveys) Galactic Plane Survey (Lucas et al., 2008) . This survey images the Northern Galactic plane in the same Galactic latitude range as UVEX in the filters J, H and K. There is a match for 576 UV-excess candidates within a radius of 1.0 arcsec in one of the filters. Of these UV-excess candidates 219 sources have a matches in all three filters. Additionally there is a match for 4208 subdwarfs and 506 purples. The cross-match between our samples and the UKIDSS GPS will also be further discussed in Verbeek et al., 2011c (in prep.) .
DISCUSSION AND CONCLUSIONS
We present the first catalogue of UV-excess sources selected from a total of 7 × 10 6 stars in 211 square degrees of UVEX data. This catalogue contains 2 170 unique UVexcess candidates with magnitudes between 14 < g < 22.5. With the selection technique presented in Sect. 2 we select on average ∼11 UV-excess candidates per square degree. Cross-matching with other catalogues shows that the UVexcess catalogue consist of a mix of populations with only a small fraction that has been identified before.
Completeness and reliability of the UV-excess catalogue
An illustration of the field-to-field selection algorithm was given in Figs. 1 to 2 . The technique works well, but is not perfect: main-sequence stars at the blue side of the main-sequence may still be selected when they are slightly scattered. In the colour-magnitude diagrams (see Figs. 1 and 2) the edge of the selection line (left 'ragged' solid line) may become rather 'jumpy' when only a small number of main-sequence objects is detected, leading to a loss of objects or the inclusion of too many objects at the brighter or fainter ends. For example in the g vs. (U − g) colour-magnitude diagram of Fig. 1 there is one object at g∼21 not selected as UV-excess candidate due to the blue edge of the last bin. The number of UV-excess candidates in the catalogue brighter than g < 16 is 23. Fig. 15 shows the magnitude distributions of the UV-excess sources. The number of selected UV-excess sources increases for fainter magnitudes. The probability that a source with a particular (g − r) colour and g-band magnitude will be picked-up in our 211 square degrees is given in Fig. 14. For a given (g − r) colour the probability for faint sources to be selected is larger than for bright objects.
We checked the colour-magnitude and colour-colour plots during our selection method visually for ∼10 percent of the fields. The field with the largest number of selected UV-excess candidates contains 15 sources. The (U − g) vs. (g − r) colour-colour diagram of this field is shown in Figure 15 . r-, g-, U -, and HeI-band magnitude distributions of the UV-excess candidates (solid/blue) and the 'subdwarf' sample (dot-dashed/red). In the histograms the number of UV-excess candidates and subdwarfs is devided by the number of stellar sources in the magnitude bin and normalized to one by the total number of UV-excess, subdwarf and stellar sources. Fig. 13 ) are less than 0.4 magnitude from the blue edge in the colour-magnitude diagrams and are in the 'subdwarf' sample. Three of these 'subdwarf' sources are probably early-type stars since they are too close to the main locus, the fourth 'subdwarf' is near the location of the UV-excess sources. The 15 UV-excess candidates in Fig. 13 are more than 0.4 magnitude from the blue edge in the colour-magnitude diagrams and are on top of the unreddened white dwarf track. In very sparse fields without blue or UV-excess sources the fit of the straight line in the (U − g) vs. (g − r) colour-colour diagram may be completely wrong, but this is no problem since these fields will not contribute new UV-excess objects to our catalogue anyway.
Guaranteeing that every object in the UV-excess catalogue is indeed a real UV-excess source is impossible, although first preliminary spectroscopic follow-up observations (Verbeek et al., 2011b, in prep.) show that at least 80% of the UV-excess candidates are indeed genuine UV-excess sources such as white dwarfs and white dwarf binaries. As can be seen in Fig. 5 the tails of the (g − r) distributions of the UV-excess sources and the subdwarf sample overlap. Both samples will contain some objects from the other category since they are separated at ∆(g − r)=0.4 magnitudes from the blue edge. In the colour-magnitude diagrams of Fig. 7 it can be seen that the UV-excess candidates and the subdwarf sample separate. Still there is a fraction of scattered subdwarfs at the location of the UV-excess sources, see e.g. the fainter subdwarf sources with (U − g) < 0 in the g vs. (U − g) colour-magnitude diagram of Fig. 7 . The majority of these subdwarfs are selected only in g vs. (g − r) less than 0.4 magnitude from the blue edge. Also at the location of the subdwarfs in Fig. 7 there are ∼100 scattered UV-excess sources, selected in several different ways. The field-to-field selection algorithm can be influenced in crowded regions and regions where extinction varies strongly. The selection algorithm can still be used when there are magnitude offsets in the global photometric calibration. Only when there is a large offset in (g − r) the demand that UV-excess sources must be bluer than (g − r)=1.25 will cause problems. That is why 33 fields with large photometric shifts were removed during the selection. The aim to have the highest possible percentage real UV-excess sources in our sample forces us to use a conservative selection method.
The two additional subdwarf and purple samples
Two additional sub-samples of 9 872 objects labelled as 'subdwarf' candidates and 803 objects labelled as 'purple' sources are selected from the 211 square degrees of UVEX data. The subdwarf sample is slightly bluer than the main-sequence and contains a mix of metal-poor stars and lightly reddened main-sequence stars. Fig. 13 shows the colour-colour diagram of field UVEX 4294 where most 'subdwarf' sources, selected in the g vs. (g −r) colour-magnitude diagram, overlap with the earliest main-sequence stars in this field. Fig. 15 shows the number of subdwarfs divided by the number of stellar sources per magnitude bin. There is a bump in the g-band and U -band magnitude distributions for the bright subdwarfs. The bright subdwarfs are selected in the g vs. (g − r) colour-magnitude diagram and in the g vs. (U − g) colour-magnitude diagram but not in the (U − g) vs. (g − r) colour-colour diagram. This is because the first bins of the blue edge in Fig. 1 are usually larger, while the sources of the main locus change over (g − r) or (U − g) in these first bins. In field UVEX 4294 there are 9 sources at the purple side more than 3 σ outside the selection box. Only the 4 purple sources that are above the O5V-reddening line are selected in the 'purple' sample since the other sources might be scattered reddened main-sequence stars. Only when there are large magnitude offsets in (g − r) or (U − g) this demand might cause problems. Fields with obvious magnitude offsets in (g − r), (U − g) or in (HeI − r) were removed in Sect. 3. In the (U − g) vs. (g − r) colour-colour diagram it is not possible to use the reddening vector to fit a straight line to the main locus since each field will consist of a mix of populations at different distances subjected to different reddenings.
The cross-matching with other catalogues and databases (Deacon, Corradi, Viironen, Witham, 2MASS, UKIDSS and Simbad) shows that ∼1 percent of the UV-excess sources were previously known objects and ∼77 percent were previously detected by IPHAS . The vast majority of objects are not classified yet, so UVEX uncovers a large new sample of white dwarfs, subdwarfs, Cataclysmic Variables, symbiotic stars, planetary nebulae and other post-common-envelope objects.
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APPENDIX A: CATALOGUE OF UV-EXCESS CANDIDATES
The complete UV-excess catalogue, and the two additional 'subdwarf' and 'purple' samples, selected from the first 211 square degrees of UVEX data can be obtained at the UVEX website 4 or via VizieR 5 . The UV-excess catalogue, the 'subdwarf' and 'purple' samples contain 50 columns: 1-6: RA and dec. 7: UVEX field. 8-19: rav, ∆r, morp.class r, gav, ∆g, morp.class g, Uav, ∆U , morp.class U , Heav, ∆He, morp.class He. 20: UVEX selection flag. 21: (U − g) BlueEdge -(U − g)source -2σ (U −g) ; the difference in (U − g) between source and the blue edge in the g vs. (U − g) colour-magnitude diagram, inclusive the photometric error of the source. 22: (g − r) BlueEdge -(g − r)source -2σ (g−r) ; the difference in (g − r) between source and the blue edge in the g vs. (g − r) colour-magnitude diagram, inclusive the photometric error of the source. 23-34: Original magnitudes, magnitude errors and morphology classes from the direct field: r, ∆r, morp.class r, g, ∆g, morp.class g, U , ∆U , morp.class U , He, ∆He, morp.class He. 35-46: Original magnitudes, magnitude errors and morphology classes from offset field: r, ∆r, morp.class r, g, ∆g, morp.class g, U , ∆U , morp.class U , He, ∆He, morp.class He. 47-50: Average r av.f ield , g av.f ield , U av.f ield , HeI av.f ield magnitude of the total field.
-Columns 8, 11, 14 and 17 contain averaged magnitudes (rav, gav, Uav and Heav) over direct field and offset field. These magnitudes, corrected for magnitude shifts between field and offset field, are calculated in a few steps, e.g. for rav: i) first (r direct − r of f set ) is calculated for each coordinate match between a field and offset field, ii) from this (r direct − r of f set ) distribution the first 25% and last 25% is removed, iii) from the central 50% the mean magnitude shift (r shif t ) between direct field and offset field is calculated, iv) the magnitudes of the offset field are corrected for magnitude shifts by r of f setNEW = r of f set − |r shif t |, v) per source the magnitude difference of direct field and offset field is checked: do the magnitudes match within the error bars? Here an extra 0.05 mag is taken into account to avoid that too much sources are removed. vi) the averaged magnitude rav is now simply calculated by: rav=(r direct + r of f setNEW )/2.
-Columns 10, 13, 16 and 19 are "averaged" morphology class flags of the direct field and offset field: the best flag of the two. The possible morphology classes are: -1 (stellar), -2 (probably stellar) and 0 (noise-like).
-Column 20 is the UVEX selection flag (1, 2, 4, 32, 
APPENDIX B: SYNTHETIC COLOURS WITH THE EFFECT OF THE U -BAND FILTER "RED LEAK".
The UVEX U -band filter has a small "red leak" near 7050Å, just large enough to make very red sources appear slightly brighter in U than they should be. This red leak, shown in Fig. B1 , has more effect on late type main-sequence stars than on early type main-sequence stars and contributes stronger for highly reddened stars. For unreddened M-dwarfs the effect of this red leak is in the range of 0.01-0.03 magnitudes in (U − g). For M-dwarfs reddened by E(B − V ) = 1 the effect is in the range of 0.1-0.3 magnitudes in (U − g). This effect for different E(B − V ) is shown in Fig. B2 together with the synthetic UVEX colours of G09. Also with the effect of the U -band filter red leak all late type main-sequence stars and giants with reddening smaller than E(B − V ) = 2 are still below the O5V-reddening curve. We do not expect to pick up very late type main-sequence stars with reddening larger than E(B − V ) = 2 because they would be too faint. Late (Fig.6 ). In this graph the black lines are the old G09 colours, the overplotted lines are the new synthetic colours of main-sequence stars (thick red), giants (blue) and super giants (thin red) for E(B-V)=0.0, 2.0 and 4.0 using the reddening law of Cardelli et al. (1989) . The upper and lower envelope curves (dashed) are the old O5V-reddening curve and the M0III-reddening curve of G09. Late M-giants from M7III to M10III, not shown in G09, were add.
type giants with reddening larger than E(B − V ) = 2 might be picked up by the selection algorithm since they are intrinsically brighter. The purple sample will contain a significant number of late-type M-giants since the synthetic colours of M-giants later than type M5III are clearly in the region above the O5V-reddening line, see Fig. B2 . The effect of the red leak was not included in the tables of G09 since the existence of the leak was not known yet at that time. Tables with new synthetic main-sequence, giant, supergiant and white dwarf colours for the UVEX filter system including this effect of the U -band red leak, and including reddening, are given here. Only the (U − g) colours are different compared to G09, for completeness the other UVEX colours are also given here. Table B1 . UVEX colour indices (U − g), (g − r), (HeI − r) for Pickles main-sequence stars including reddening.
Spec. Table B2 . UVEX colour indices (U − g), (g − r), (HeI − r) for Pickles Giants including reddening.
Spec. Table B3 . UVEX /IPHAS colour indices (U − g), (g − r), (HeI − r) for Pickles Supergiants including reddening.
Spec.
Hei−r Table B4 . UVEX /IPHAS colour indices (U − g), (g − r), (Hei−r) (r − Hα) and (r − i) for log(g)=8.0 Bergeron DA white dwarfs including reddening. Table B4 . , continued Table B5 . UVEX /IPHAS colour indices (U − g), (g − r), (HeI − r) (r − Hα) and (r − i) for log(g)=8.0 Koester DA white dwarfs including reddening Table B6 . UVEX /IPHAS colour indices (U − g), (g − r), (HeI − r) (r − Hα) and (r − i) for log(g)=8.0 Koester DB white dwarfs including reddening.
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